"16/65 '00 DO 17:02 FAl 0414025509 ED. GEISTLl'CH SOM^E AG* " 12002 



ANTTCOAGUT.ANY/aTERDLIZiyG COMPOSmONS AND MF.THQpS 



SACKGHOtJND OF TWR INVENTION 
0^ '^FT n m? TRF. ITWRNTION 

The present mvention relates to methods znd composltioTiB for preventing thrombosis 
in or caused by the use of liquid d&llveay systems. e.£., catheter and port ayrtwis. 
DESCRTPTION OpjTTE SACKGRQUND ART 

Delivery systems are widely used in medicine for introducing liquid material which 
5 might include medicaments, nutrition, or other active agents to a patient. Such systems 
frequently involve the use of catheters which, for mimy applications, am surgically or 
intravenously located and stitched into place for long-term administration of the de&ired 
material. Typica] systems include central catheters such as may be used for total parsnteral 
_ nutrition (TPN)» e.g. when treating short bowel syndrome (for the duration of apatient^s life), 

% 1 0 catheters and drains in hemodialysis and peritoneal dialysis for those with terminal Iddn^ 

■ Jl failxire, and suboutat^ously implanted port systems such as may be used m the treatment of 

.:J^ malignant conditions, 

i Jl One pmblem associated with the use of liquid delivery systems^ e,g,, port or 

catheter-based syst^ns, la That these can give rise to inffections which in turn may lead to 
15 infected intra-atrial thmmbus, emboKsm, phlebitis^ sepsis, endocarditis of the mitral valve, 
H ostiuin infection, septic lung abscesses, and/or pumlent septic pulmonary infatctioti. One 

U solution to this problem is the uae of solutions contahiing the antibaotedal agents tauroUdtne 

£: and/or taurultam. For example, longtcmj. continuous iafusion of tauroUn eoluticcnfl to 

;;□ prevent septic complications in patients receiving parenteral nutrition has been proposed (see 

20 Dlenkham, Clinical Nutritional ):35-38, 1 987 and Johnston et al.. Clinical Mutrition 12.(6): 
365-358, 1993), More recently in WO98/28027, tauroUn solutions have been suggested for 
use as a temporary seal or flush to prevent or reduce sepsis in port systems or catheters. 

Taurolidine and/or taurultam are particularly effective in combating not only infecting 
bacteria but also in preventing the release of bacterial toxins as well as inactivating any that 
25 may be present. These compounds are methylol transfer agents and exert flieir antibactmal 
activity by reactiag with the bacterial cell wall components and forming covalent bonds. 
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Despite, therefiare, the possibility pf quite lengthy residence time in the delivery system, tbey 
have been fbuudaot to cause any buitd-up of resistecnce, 

A430ther problem associated with the use of liquid delivery aystema is the potential for 
blockage of the delivery rubes due to the formatioti of a coating of fibrin sheath d^osits, 
5 cjspccinUy during periods of long x^m Use. The costing starts around a catheter with a 

thrombug containing fibdn^ andprogr^es inio vascularizcdi fibrous comecttve tissue. This 
sheath contains fibroblasts and collagen. Fibrinolytic agents carmot dissolve connective 
tissue. 

Fibrin and/or collagen deposits can result & aignificflnt n^jrowing of tbo delivery 
10 tubes and, fn severe cases, total occlusion. The consequences of the formntion of fibrin 
and/or collagen deposits in liquid delivery systems are therefore clefirfy dangeraus. 
Moreover, ttmoval or replacement of the delivery system may well have to be eazricd out 
operatively, necessitating a ftirthst stay in hospital for the patient and foither expense- 
Removal of atbrofmbus, especially when located at caflieter closures, is difficult and 
15 cannot be resolved by fibrinolytic agents such as urokinase, streptokinase, etc,, and the 
following complications are likely to occur. In cavacatheters complications may include 
thrombosis, embolism^ phlebitis and sqjsis. In femoral catheters complications may include 
thrombosis^ lethal cases of pulmonary embolism and sepsis. In subolavial-cathetcrs 
complications may inctude puncture-proof blockage, thrombosis due to false catheter 
20 position^ septic complicatiansr total blockage of the vena subclava, and thrombotic changes 
caused by irituna-damage (parietal thromboses between c&iheter- and vascular wall)* 
There remains a need in the art far methods and compositions for preventing 
thrombosis in liquid delivery systems, 

SPMM ABY PF Jm IWY EHIIO N 

35 In accordance with the present invention, a composition and method is provided for 

preventing thrombosis formation on a Uqutd-contactmg snrfiacc of u licjuid delivery system- 
The liquid delivery system is coimected to a patient for dohvery of a liquid tp the patient. 
One embodiment involves contacting fee surfece with a thrombosis-preventing Hquid 
containing tauTolidine» tauroHam or a mixture thereof, said thrombosis-preventing Hquid 

30 flirther containing an aaticoagulant agent In an alternative embodiment, the Hqind- 
contacting surface of the delivery system is contacted with a soludcn contmiing an 
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anticoagulant agent, and there^ contacted wW. a Bohrtic«.cant^etaaroUditie.U^^ 
or a mLxtuie thereof. The compositions of the mvention may be utilized to c«ry out the 
above rxiethod. 

Tte cotnpositions and methods of thepmeot invention prevent thrombosis fennatlon 
in Uduid deUvcry systems such as catheter and port systems, including soboutaneous port 
systen^s for nac in hemodialysis. Compositions in accordance with the pr<»ent invaidon may 
inckde an anti^acteilcidal-effecti ve amount of a methylol transfer agent such aa tauioUdine 
and/or taurultam. Th« te«ns tauroUdine ani/or laiirultam as used herein ^e intended to «fcr 
totliecon.poundstau«.Udiac.tWtam,Bndthcr««mtefamtialbiocqii^^^ The 
taurolidin^ and/or taumltam preferably is present in a pharmaceutically-acceptabte Uqnid, 
which in p«noul«ly preferred epxbodisnents is ^ isotonic edme solution. 

Compositions in accordance with the present invention may comprise a Uquid 
c^ontaimnE a thrombosis-proventing amount of an anticoaeulant agent. Hic anticoagul«it 
may be. for example, sodimn citrate or heparin- Other anticoagulants which mfty be Included 
in compositions in accotdnnoc with thepiesent invention and utili^d with the inventive 
method inchxde aprotinin, hirudin, desirudin, danaparoid. danaparoid-sodium. pentosan, 
pemosanpolysulftte-sodiwn, as well as thianopyndine derivatives such as tidopidine. 
clopidogtel or the like, and mixtures thereof. 

According to one embodiment, the inventive method provides aprocodureto prevent 
deposits of Ihromboais of fibrin and/or fibrin/collagen nets by combined qipUcaUon of 
taurohdine and/or taumltam in suitable isotonic or hypertonic solutions with added 
anticoagulant. Itis procedure serves to prevent catheter-sepsis and serious consequences for 
^epatient Also this combination BerVes to prevent catheter-bldclcaEe. thus avoiding 
surgical interventions for removal of thrombotic plugs (withdrawal of occlusions) or a change 
ofcaAeters- 

Desfnidin. a recombinant hhudln, is an cHfcctiYe Bnticoagubnt «cca«iins to one 
embodiment, which in comparison to heparin works as a direct and selective inhibitor of free 
and fibrin-lU^d thrombin. The coagulation ti^ne of human plasma ia prolonged by fliis 
3D agent. A dosage of afcwmgaddedto ataurohdinesolution, oratauwKdlne/sodium-citrate 

.station is sufficient. e.g„ about O.l-lOmg. preferably about t-2me. 
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Anomer coaguUrtion ixihibitor ^art from hepflrin-fiodiiun is danaparoid-sodium» 
efEoient antithrombotic agent wicludlng 84% of haparansixlphate, IWa prcwiuct « derived 
from porprac mucosa and due to purification steps is ftee ftom heparin mwVor heparin 
fmgraents. This makes it vc^ wcfl tolerated and uscfUl as an alternative to heparin^sodium 
5 cases of heparin-induoed t&romhocytopfcnia. As a dosage, beweeti about 7.5-15 anti-factor 
Xa units may be added to a 100 tnl taarolidine solution. 

Solutions with thrombocyte aggregation inhibitois or solutions which additionally 
contain andcoagulants such as citrate-dextrine solutibns, citxAto-phoflphate-dextrosc-adenin 
solutions, sodium citrate-citric acid soimions or heparin, etc., preferably should bo filtcsned 
10 sterile after production and filled aseptically into viaJs of 10 to lOOml. To avoid posiible 
int^Mfions between the added anticoagulants and taurolidinc/taumJtam. the invecdve 
solutions can also be administered intermittently in two steps to avoid coagulation and 
formation of plaque in the catheter 

1) Instillation of sterile isotonic sodium chloride solution with auticoagulanls* If 
1 5 desired, this solution caa be aspired again, 

2) Tliereafter flushing of the catheta- with sterile isotonic sodium chloride 
solution followed by instillatioa of the taurolidine 2% solution Qock* 
technique). If desired, the taurolidine solution can be aspired again after about 
one hour. 

20 Viewed from one aspect, the invention thua provides a solution suitable for use in a 

liquid delivery systeui, e.g., port or catheccrv-hased systems, including hemodialysis systems. 

comprising taurolidine and/or taurultam in combination wiih an antfcoagulant. 

Preferred ^lutions wiU contein from 0.5 to 3% by weight of taurolidine. Or fiom 1 to 

7,5% by weight taurultam, advantageously 3 to 5%; depending on the solubility of the 
25 compound. Solutionis contains from 1.0 to 2.0%, preferably about 1.0 % by weight, 

taurolidmc ar^ preferred. 

Sodium citrate may he used ia the fom of anliydrous sodium citrate, but prefetmbly 

wjll be used in die form of the dihydrate. Prefered solutions are those contaimng 0.5 to 3,0% 

by weight, preferably 1,0 to 2.0%, sodium ci{i»atE. Solutions containing about 1.5% by 
30 weight, eg., 1 .45% sodium citrate have been found to be isotonic without the need &r 

additional electrolytes and are particularly preferred for use in the invoition. 
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In one. embodiment of the ijivcntton* fte solution* may contain bepaaan, a heparin 
deriv^ve or an analogs e.g^ pentosan^-fiodjtum in particular heparin-Na or heparin-Ca. The 
desired amauqt of heparin will vaiy fix>m patient to patient hut can never^Bleas he readily 
d«5tctmincd by those skilled in tlie an An average concentrstion of heparin can be expected 
to be in the raufic of &om to I to 15 UAnl heparin-lSa, preferably 1 to 2 U/ml- 

The solutiona in accordance with the invention Will genetally be made up in Sterile 
pyrogeti-frcc water may also cotitain, for example, inorganic or other salts cr other 
components to tender diem isotonic Cations atid anions auoh sodium, potasaum, calclum, 
chloride, lactate, maleate and bicaxbonate are soitfibia for use as eloctrolytce. Sodinm 
chloride is prnticuloily suitable, e.g,i in an amount of about 0.45% by weight 

Parenterally acceptable polyols may, for example, also be present since these have 
been observed to incxcase the overall intravenous tolerance of laurolidine, Suitable polyols 
include carbohydrates, G,g., hexoses such as glucose and fructose (or mixlures of these such 
as invert sugar)* pentoses such afi xylose or polysaccharides such as dextran or hydrolysced 
staxtdi; glycerol atld sugar alcohols such as sorbitol^ matmitol or xylitol. 

The concentration of the polyol can usefiilly be in the range 3 to 40% by weight. In 
the case of glucose, the concwtration may be in the range 10 to 30% by wright. preferably 
20%. 

The solutions may also contain polyvinylpyrrolidone (PVP). ThSs may be 
incorporated into the solutions at a concentration of, e»g. from 4 to 7% by weight- A sohxtion 
containing S% PVP Is picfeired. This assists in solubiiidng the active subatance and. 
cootributcs also to the oncotic pressure of the solution. The molecular weight of the PVP 
fihould not be greater Oxan 50,000 and is preferably leas than 10,000, for example between 
7,000 and 9,000. Kollidone 1 7 as sold by BASF, specially purified (substantially free of 
peroxide as taught in PCT/GB97/00069) ib relatively quickly icsorbod and excreted reaally. 

The pH of the aohition will preferably be in the remge 7 to 8, e.g. about 7.3-7,4. 
While any component present in the solution may itself serve to yield a solution with the 
desired pH, conventional buffers orpH adjusting agents may be used. 

Such solutions are used in accordance with the present im^ention in conjunction with 
liquid delivery systems, e.g., catheters and port systems. Such solutions tnay conveniently be 
used to fill, flush out or seal the deUvety system when not in use. Preferably, these may be 
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used to effectivety seal the delivery system between each admhrisiratiott of desired liqoid 
material, such a3 chemotherapeutic agent or nutrient, of after withdrawal of any blood sample 
item the xesetvoir. Should there be any period of time when it la desired not to use the 
delivery system foT administratioTi of chemotherapeutic or other active or niUritional agent, 
such as is often the ease during the cyclical delivery of chcmotherapeutic agents or during 
totid parenteral nutrition, the delivery system can be filled with a solution in accordance with 
theinventiontoactasanantimicrobialscaL Restively small volumes (ofthcorder of afew 
miUtfiters. e.g. approximately 3 ml) of the solttiion are required &r rhis. A contact rime of 
about one hour is deslr^Wy a mimnumi, Ciougb the goal can be retained for up to twelve houis 
or mort:. According to one embodiment, a whitiDU in accordance with present inventioti. 
is scaled within die liquid delivery system for at least about 12 hours. A solution in 
accordance with the preset invaation which is sealed in the liquid ddivery system can be 
replaced daily. All of these activiUes can be carried out without any development of 
resistance or build-up of bacterial toxins such as LPS and exotoxins by resident bacteria. 
Solutions tnaccordancewift the invention ate well tolerated injflJBi; there is m, toxicity and 

no side effects have been observed. 

Accordingly, viewed from a further aspect the invention provides the use of a solution 
as herein described as a tempoi«y seal to prevent or reduce blood coagulation in t liquid 
delivery system. This is of particular appUcation to the use of catheters. 
20 Viewed from another aspect fee invention provides the use of a solution as herein 

described to reduce or prevent blood coagulation associated with the use of 
Sttbcutaneously-implflrited delivery qrstems. 

The solutions of the inv ention ate of particnhir application f systems which deUver 
medication from a reservoir via a catheter into the cardiovascular system, such as might be 
25 used during chemotherapy. Prior to introducing a cancer chemoiher!q)eutic agent, tor 

example, the laumUdine solurion in accordance with rhe invention (present as a teniporary 
seal) is reTnoved from ttio catheter or rinsed into the bloodstream using «lii,o. Cancer 
chemotherapeutic agent as dcsh«d is then injected into the chamber and enters into the body 
aver period of dme. Examples of poaaibla .luch *b«^ i^^*^ ^ alVylatmg agents, such 
as numistin hydrochloride and cyclophosphamide; antimetabolites sucl) as fluorouracU. 
cy tarablne and methotrexate: anti-tmnor antibiotics such as bleomycin sulphate, daunorubicin 
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hydrochloride and idaixibicin hydrochloride; alkaloids such as Hncristiae adphate aid 
cisplatins such as eaiboplatiii. These agents are administered via the port system io different 
formulations for several ahoit-tenn and loog-tenn itifUsjons or for bolus icjections, 

Viftwed ftom a yet further aspect, thfi inventbn provides a mcth£>d of inhibiting blood 
5 coagulation in or associated with the use of a liquid delivery ayBten»> e.g.. a port or 

catheter-hased system including a hemodialysis system in which the system is flushed and/or 
sealed with a solution acconling to the inventioD in an amount effective to inhibit blood 
coagulation. 

AS hidioaied Sbova. according to one embodiment, llic ajiticoagulrot fornaa In the 
10 present invention is administered ^ * combined pri^>ai»lion with th« taumUdin* and/ar 

hiurultam sohttion. However, depending on *e nature of the treatment, in oth« embodiments 
the anticoagolant solution ia adminirtered separately, prior to, during or subsequent to 
administration of taurolidine and/or tauniltam solution. 

For example, one embodiment the liquid deUveiy system is fi«t contacted with a 
1 5 aolutinn containing a tto»mbosi!^-pnsvent^n6 amount of an anticoagulant as indicated above, 
for example, by flushmg the device with ths anticoagulant solution or injecting the 
anticoagmant solution into the device and then removing the anticoagulant solution, e.g.. by 
aspiration or flushing. Thereafter, a solution containing taurolidine is instilled into the Uquid 
delivery system andprefeiiabSy held in contact with ti>e internal surfaces thereof frr at least 

20 about 1 hour- 

A particular advantage of fte combination of taurolidine. tauruham, sodium citrate 

and/or organic anticoagulant for thrombus prevention in a catheter system, and alfio &r 

infection prevention. U« in the unexpectedly small quantities of anticoagulant required. i.e.. 

respectively few mlUigrams per hwulted mllliHtera are required to prevent fibrin/collagen 

25 deposits vi^thtn the catheter system. 

The combination solution has proven to be uneacpectedly advantageous for stability of 
the product, with the combinatiou solution being «t«ilc.fUtcrcd with 0.1-0.2 ym filter «rd 
thereafter aseptically filled into 10400 ml serum bottles. 

It is aUo posBible to steriliM bottlea fiUed with combination solution over a short term 
30 with steam. sufBoiem to inactivate any microorganisms (bioburdcn) present, without - 
jnactivatins of substantially reducing the anticoagulation properties of the product. 
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When anticoagulants are utilized which do not tolerate heal steriiizrtion, the solution 
in accordance with the invention may be filteced under aseptic conditions thiongh a filter 
having sufficiently sraai) pores so as tD sterilize die sohition. e.g., » 0.1-0.2 mkton sterile 
filter. The thus-filtered solutions thenmay be fitted into 10-lOOml vUes or bottles and sealed 
with a rubber stopper and aluminum cap. 

Viewed from another aspect the invention thus provides products containing a 
solution of taurolidine and/or taurultam and a solution conl^ninfi an anticoagulant selected 
from sodium citrate, apwtjntn. hirudin, dcsiiudin, danaparoid, danaparold-sodiian, heparin, 
potttoKin, pentoaanpolysttlfete-Mdiym. ae wbU w thienopyrSdino derivatives wh as 
ticl«>pidine, dopidogrel and the like, and auxwree thereof. Low dosages of wrticoBffUaat can 
be utilized, B.g., about O.l-lOmg, prefcrrably about l-lmg. 

A thrombosis-preventing liquid in acoordanBe with the present invention may oontain 
an jBiticoagalant material as described above present in the sohition in an amount wilWna 
range of ftom about 0.01 to about 5% by weight 
15 Although the invention has been described with paiticnbur reference to the use of 

taurolidine and/or taurultam in liquid delivery systems, the specific anticoagulants herein 
described may be utilized in preventing the formation of fibrin coUagen deposits in Uquid 
delivery systems, espeeielly within the delivery tubes. 

Thus, the invention provides the use of an anticoagulant as herein described to prevent 
20 blood coagulation in a liquid delivery system, e.g.. a port or calheter-based systenu 
The invention will be fiirther iUustrated by way of the foUowing non-limith»g 
examples. 

2% tauroUdine solution and 3% taurolidine solution is prepared in accordance with the 
25 pteseni invention as follows. 

gaj,jtansfi Pffirffltfyw^iieht .Amyunt pyr lit a: 

Taurolidine 2-0 ^Og 

Trisodium citrate dihydrate 3.0 

30 Water ^.0 Mjustto IL 

Citric acid monohydrate 0.024 f^O^B 

Total 1000 
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pH 7,0 - 7,2 after sterilisation 

The taurolidine and trisodiiim citrate dihydrate are dissolved in the water atup to 
60°C. cooled down, and the pH acUu^ted to 7.4 with the citric acid monohydrate and i^odimn 
5 hydroxide- The solution is sterile filtered, filled into 10 - 100 ml serum botats. To avoid 

imd^si^ible interactions, sterilization should preferably be done quickly and bejow 12 1 "C, in 
relation to the bioburden and the Fo concept as dcscrlb64 &r wimple, in the British 
Phannacopoeia 1998, Appendix XVUI. 
3% Taurolidirte Solntmp 

10 SubstaiT^ p ^ PP!W^t^y weight Amount p^r liter 

Tanrolidine 3.0 30g 

Trisodium citrate dihydrate 3 .0 30g 

Water 94.0 Adjust to 11 

Citric acid monohydrate 0.024 245 mg 

15 Total 100.0 lUter 

pH 7-0 - 7,2 after sterilization 

The tauiolidine and tri^dinm citrate dihydrate are dis^lved in the water at up to 
eo^C, cooled down, and the pH adjustcrd to 7.0-7^ with the citrix; acid monbhydratc. The 
20 solution is sterile filtered, a^eptically Slled into 10 - 100 ml aenim bottJ^fi. 

To each of dis above formulationfi ni»y be g d d ed cme or more of the Allowing 
anticoagulanta: 

• Hepaiin-^sodium 
« Aptotlnin 

2S • Htcxidin 

• Heparin 

• Pentosan-fiodium 
m Desimdin 

• Danaparoid-fiodium 



tf separately prepared^ the above components are dissolved in the distilled water, 
sterile filtered, filled into bottles andautoclaved in accordance wiOi bioburden for 15 mins at 
100-12rC. 
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A patient has . pert deUveor sy^ comprisbg a polyurcthan. d^amber of .pprox. 
OScm^vommcn^untedonasn^an titanium plate hnpla.tedba«.allpocketm 

muscle The Up of . catheter of approx. 03mm diameter leading fiom it h« b..rv intubated 
i^tooneofthem^orvein.andli^closctothepcintofenlTyofthovenao3vainto&enght 

atriun. of the h^rt. Alter in.plant«tion the cha^^cr was flushed tbn,ugh with 2 ml of a rterdc 
0 9% by weight sodium chloride solution contatotag 800 1.U. heparin. 

The Chamber is then fiUed with approximaiely 3 ml of a *oluHon ^cording to 
Example I (injeaed into The chamb^by spci J ^ngc). The device is tb«n aealod 
for w to 12 hoim or imtil whenaver chemotberapeutic adminiatration is due. 

AJter each treatment with medication, «=^er««a of the diamb^ to withdraw a 
B^pte of vanou^blood, the deUvery system Urin.«i meticuloi^sly wift 10 ml of a sterile 
0 9% sodium chloride solution, 2 mi of a sohition according to Example 1 ate then 
introduced int» the chamber and the needle removed. The port system is then effectively 
sealed apinst microbial infection. Afl^ being rinsed with saline, fiirther medication may 
then be introduced when desired and the cycle repeated. Alternatively, the instilled soluhen 
can be aspired before fiiMher medication is introduced. 

A patient undergoing total parenteral nutrition is fitted with a central caihetar by 
known technique., mtririon is delivered overnight while the patient Is asleep but dorhig the 
d.y the catheter is sealed wife approximately 3 ml of a solution according to Example 1. This 
is effective to prevail catheter sepria and to prevent fibrin and/or collagen deposit, within the 
delivery tubes, Mon^ver, this ha8 no dde effects when it pa^es into the body when nutrition 
25 i«commmces possibly several hours later overnight 
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